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Abstract
7RTXDQWLI\WKHULVNDQGLPSDFWRI&2VHHSDJHWRWKHPDULQHHFRV\VWHPWKH4XDQWLI\LQJDQG0RQLWRULQJ3RWHQWLDO(FRV\VWHP
,PSDFWVRI*HRORJLFDO&DUERQ6WRUDJHSURMHFWLVQRZXQGHUJRLQJLQDED\LQ6FRWODQG,QDGYDQFHRIWKHILHOGH[SHULPHQWRIWKLV
SURMHFWZHFRQGXFWHGWKHQXPHULFDOVLPXODWLRQRI&2VHHSDJH)URPWKLVQXPHULFDOVWXG\ZHSUHGLFWHGKRZ&2EHKDYHLQWKH
ED\DQGKRZWKHFRQGLWLRQRIWKHVHDFKDQJHV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI*+*7
Keywords:6XEVHDEHGFDUERQVWRUDJH&2OHDNDJH'HWHFWLRQRIFRQWDPLQDQWVRXUFHORFDWLRQ$GMRLQWPDUJLQDOVHQVLWLYLW\PHWKRG
1. Introduction 
7RPLWLJDWHJOREDOZDUPLQJLW LVQHFHVVDU\WRUHGXFHODUJHYROXPHRI&2UHOHDVHGLQWKHDWPRVSKHUH&DUERQ
FDSWXUHDQGVWRUDJH&&6 WHFKQRORJ\ LVRQHRI WKHSURPLVLQJPHDQV IRU WKLVSXUSRVH+RZHYHU VXEVHDEHG&2
JHRORJLFDOVWRUDJHKDVDULVNRI&2OHDNDJHGXHWRWKHDFFLGHQWDOIDLOXUHRIULVHUSLSHVRUODUJHGLDVWURSKLVPOLNHDELJ
HDUWKTXDNHDQGLWPD\FDXVHLPSDFWVRQPDULQHRUJDQLVPQHDU&2VHHSDJHVLWHV:KHQRQHLQWHQGVWRVWRUH&2LQ
VXEVHDEHGJHRORJLFDOIRUPDWLRQLWLVOHJDOO\UHTXLUHGLQ-DSDQWRPRQLWRU&2OHDNDJHLQWKHVHDZDWHUHYHQWKRXJK
WKHRFFXUUHQFHSUREDELOLW\RIVXFKDQHYHQWLVYHU\ORZ7KHUHIRUHLQIRUPDWLRQRQWKHDSSURSULDWHORFDWLRQVRI&2
DQGRUS+VHQVRUVVHWRQWKHVHDIORRUDQGRULQWKHZDWHUFROXPQLVHFRQRPLFDOO\XVHIXO$QXPHULFDOWLGDOFXUUHQW
PRGHOLVGHILQLWHO\XVHIXOIRUWKLVSXUSRVHLIWKHORFDWLRQDQGUDWHRI&2VHHSDJHLVDVVXPHG$WWKHVDPHWLPHRQFH
VRPHRIWKHVHQVRUVGHWHFWXQXVXDOO\ODUJH&2FRQFHQWUDWLRQLQWKHVHDDUHDLWLVQHFHVVDU\WRILQGRXWWKHORFDWLRQ
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DQGUDWHRIVHHSDJH7KHUHIRUHDPHWKRGWRSUHGLFWWKHVHOHDNDJHLQIRUPDWLRQXVLQJ&2FRQFHQWUDWLRQGDWDGHWHFWHG
E\WKHOLPLWHGQXPEHUVRIWKHVHQVRUVVHWLQWKHVHDDUHD
7KHREMHFWLYHVRI WKLVVWXG\DUH WRGHYHORSDQXPHULFDOPHWKRGWRSUHGLFW WKHORFDWLRQDQGUDWHRIFRQWDPLQDQW
OHDNDJHLQVHDVLWHVDQGDSSOLHGWKLVPHWKRGWR&2VHHSDJHSXUSRVHIXOO\OHDNHGLQDED\+HUHZHDGRSWHGWKHDGMRLQW
PDUJLQDOVHQVLWLYLW\PHWKRG$060RI'LPRYHWDODQGQHZO\DSSOLHGWKHPHWKRGWRRFHDQLFILHOGV$WLGDO
FXUUHQWPRGHOVXFKDVWKH0DULQH(QYLURQPHQWDO&RPPLWWHH0(&2FHDQ0RGHOHJ6DWRHWDO0L]XPXNDL
HWDO.DQRHWDOZDVXVHGWLPHIRUZDUGO\WRDQDO\VHWKHIORZDQGIORZYHORFLW\GDWDZHUHVWRUHGDQG
XVHGLQWKHFRQVHTXHQWWLPHEDFNZDUGDGMRLQWVLPXODWLRQV
2. Material and Methods 
2.1. Tidal Current Model 
,Q WKLV VWXG\ZHXVHG DPHVRVFDOHK\GURVWDWLF WLGDO FXUUHQWPRGHO FDOOHG WKH0(&2FHDQ0RGHO 7KH
JRYHUQLQJHTXDWLRQVRIWKHPHVRVFDOHPRGHODUHWKH1DYLHU6WRNHV16HTXDWLRQDQGWKHFRQWLQXLW\HTXDWLRQ7KH
16HTXDWLRQLVDSSUR[LPDWHGXVLQJWKHK\GURVWDWLFDSSUR[LPDWLRQ
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ZKHUHuvDQGwDUHWKHYHORFLW\FRPSRQHQWVLQWKHxyDQGzGLUHFWLRQVUHVSHFWLYHO\pLVWKHSUHVVXUHȡLVWKH
VWDQGDUG GHQVLW\g LV DFFHOHUDWLRQ GXH WR JUDYLW\ DQG Ȟ+ DQG ȞM DUH WKH KRUL]RQWDO DQG YHUWLFDO HGG\ YLVFRVLWLHV
UHVSHFWLYHO\
2.2. Adjoint Marginal Sensitivity Method 
$QDGMRLQWHTXDWLRQRIPDUJLQDOVHQVLWLYLW\LVJLYHQDV
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ZKHUHȥnLVWKHPDUJLQDOVHQVLWLYLW\DWWKHnWKPRQLWRULQJSRLQWȥnLVWKHPDUJLQDOVHQVLWLYLW\DWDQHVWLPDWHGVRXUFH
ORFDWLRQCnLVWKHHVWLPDWHGVRXUFHFRQFHQWUDWLRQCQLVWKHPRQLWRUHGFRQFHQWUDWLRQDWWKHn-WKPRQLWRULQJSRLQW
2.3. Computational Conditions 
7KHFRPSXWDWLRQDOGRPDLQLVUHFWDQJXODUPîPLQWKHHDVWZHVWDQGQRUWKVRXWKGLUHFWLRQVUHVSHFWLYHO\
DQGWKHVL]HRIDFRPSXWDWLRQDOJULGLVPîPDVVKRZQLQ)LJ,Q)LJWKHVRXUFHFHOOLVGHQRWHGE\UHG
FRORXUDQGORFDWHGDWL M ZKHUHLDQGMDUHWKHFHOOQXPEHUVIURPWKHHDVWDQGVRXWKUHVSHFWLYHO\7KH
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ORFDWLRQVRIWHQPRQLWRULQJFHOOVDUHOLVWHGLQ7DEOHDQGSDLQWHGLQEOXHLQ)LJ7KHFHOOVRQWKHOLQHVRIM 
DQGDUHIUHHVOLSZDOOVDQGLQGLFDWHGE\EODFN


)LJ'FRPSXWDWLRQDOGRPDLQLQZKLFKDVRXUFHLVGHQRWHGE\UHGFRORXUDQGWKHORFDWLRQVRIWHQPRQLWRULQJFHOOVDUHSDLQWHGLQEOXH

7KHIORZYHORFLW\PLPLFNLQJWLGDOFXUUHQWLVJLYHQE\WKHIROORZLQJV
¸
¹
·
¨
©
§u 

FRV tnu         
¸
¹
·
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©
§u 

VLQ tnv         
ZKHUHntLVWKHWLPHVWHSVDQGWLPHVWHSLVVHF
3. Results and Discussion 
3.1 Instantaneous leakage 
$FRQWDPLQDQWLVUHOHDVHGDWnt DQGLWVFRQFHQWUDWLRQDWWKHVRXUFHFHOOLVVHWWREHîíNJP7KHVWDUWRIWKH
EDFNZDUGWLPHVWHSĲ VHFRUnĲ LVVHWDWt VHFRUnt DQGDWnĲ ȥLVVWDUWHGFDOFXODWLQJLQ
$060

7DEOH0RQLWRUHGFRQFHQWUDWLRQDWnt DQGSUHGLFWHGVRXUFHFRQFHQWUDWLRQVDWnĲ DWWHQPRQLWRULQJFHOOV
FHOOQXPEHU L M GHWHFWHGFRQFHQWUDWLRQ
îíNJP
SUHGLFWHGVRXUFHFRQFHQWUDWLRQ
îíNJP
    
    
    
    
    
    
    
    
    
    

$Wnt DIWHUWKHVWDUWRIWKHDGMRLQWFDOFXODWLRQVRPHFRQFHQWUDWLRQVDUHGHWHFWHGDWWKHFHOOSRVLWLRQLQWKH
FRPSXWDWLRQDOGRPDLQDQGVKRZQLQ7DEOH7KH\DUHWKHLQLWLDOFRQGLWLRQVRIWKH$060$WHYHU\EDFNZDUGWLPH
VWHSWKHGLIIHUHQFHDPRQJCn',)LVFDOFXODWHGDWHYHU\JULGFHOO,IWKHPLQLPXPRI',)LVREWDLQHGDWQĲ 
DQGLM DQGWKHSUHGLFWHGVRXUFHFRQFHQWUDWLRQLVîíNJPWKHQLWLVVDLGWKDWWKHSUHVHQWSUHGLFWLRQ
PHWKRGZRUNVSURSHUO\
)LJ  VKRZV WKH VSDWLDO PLQLPXP',) DPRQJ DOO WKH FRPSXWDWLRQDO FHOOV DW HYHU\ WLPH VWHS 7KH WHPSRUDO
PLQLPXPRIWKHVSDWLDOPLQLPXP',)LVJLYHQDWnĲ DWZKLFKWKHVSDWLDOPLQLPXP',)LVJLYHQDWLM 
DVVKRZQE\WKHFRQWRXUPDSRI',)LQ)LJ7KHVRXUFHFRQFHQWUDWLRQSUHGLFWHGE\HDFKPRQLWRUHGYDOXHLV
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OLVWHGLQ7DEOHDQGWKHLUDYHUDJHLVîíNJP7KHUHIRUHWKHSUHVHQW$060ZDVDEOHWRSUHGLFWWKHDOONLQGV
RILQIRUPDWLRQRILQVWDQWDQHRXVO\OHDNHGVRXUFHORFDWLRQWLPHDQGLQWHQVLW\YHU\ZHOO


)LJ7HPSRUDOFKDQJHLQWKHPLQLPXP',)DPRQJDOOWKHFRPSXWDWLRQDOFHOOV


)LJ&RQWRXUPDSRI',)DWQĲ DWZKLFKWKHWHPSRUDOPLQLPXPLVJLYHQ

3.2 Continuous leakage 
7KHFRPSXWDWLRQDOGRPDLQDQGJULGV\VWHPDUHWKHVDPHDVWKDWXVHGIRUWKHLQVWDQWDQHRXVOHDNDJHFDVH7KHVRXUFH
DQG PRQLWRULQJ ORFDWLRQV DUH DOVR WKH VDPH DV WKRVH LQ WKH LQVWDQWDQHRXV FDVH 7KLV WLPH ZH NHHS WKH VRXUFH
FRQFHQWUDWLRQDVFRQVWDQWîíNJPDWWKHVRXUFHORFDWLRQ7KHUHIRUHWKHVRXUFHFRQFHQWUDWLRQIOX[FKDQJHV
ZLWKWLPHDVVKRZQLQ)LJLQZKLFKWKHWHPSRUDODYHUDJHRIWKHIOX[LVDERXWîíNJPV
/LNHWKHLQVWDQWDQHRXVOHDNDJHFDVHWKHWHPSRUDOFKDQJHRIWKHVSDWLDOPLQLPXP',)LVGUDZQLQ)LJLQZKLFK
WKHILUVWORFDOPLQLPXPRIWKHVSDWLDOPLQLPXP',)LVJLYHQDWnĲ 7KHWLPHRIWKHWHPSRUDOPLQLPXP',)LV
QRWQHFHVVDULO\WKHVWDUWRIWKHFRQWLQXRXVOHDNDJHEXWWKHWLPHIRUWKHPLQLPXP',)VKRXOGQRWEHHDUOLHUWKDQWKH
VWDUWRIOHDNDJH

7DEOH0RQLWRUHGFRQFHQWUDWLRQVDWnt DQGSUHGLFWHGVRXUFHFRQFHQWUDWLRQDWnt DWWHQPRQLWRULQJFHOOV
FHOOQXPEHU L M GHWHFWHGFRQFHQWUDWLRQ
îíNJP
SUHGLFWHGVRXUFHIOX[
îíNJPVHF
    
    
    
    
    
    
    
    
    
    

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$WnĲ WKHVSDWLDOPLQLPXPDIFLVJLYHQDWLM DVVKRZQE\WKHFRQWRXUPDSRIDIFLQ)LJ
7KHVRXUFHFRQFHQWUDWLRQSUHGLFWHGE\HDFKPRQLWRUHGYDOXHLVOLVWHGLQ7DEOHDQGWKHLUDYHUDJHLQWKHWLPHUDQJH
OHVVWKDQnĲ DQGLVîíNJPVZKLFKLVYHU\FORVHWRWKHWHPSRUDODYHUDJHRIWKHVRXUFHIOX[7KHUHIRUH
LWLVWKRXJKWWKDWWKHSUHVHQW$060ZDVDEOHWRSUHGLFWWKHLQIRUPDWLRQRIFRQWLQXRXVO\OHDNHGVRXUFHORFDWLRQDQG
LQWHQVLW\PRGHUDWHO\


)LJ7HPSRUDOFKDQJHLQWKHPLQLPXP',)DPRQJDOOWKHFRPSXWDWLRQDOFHOOV


)LJ&RQWRXUPDSRI',)DWQĲ DWZKLFKWKHWHPSRUDOPLQLPXPLVJLYHQ
4. Conclusions 
:HGHYHORSHGDQXPHULFDOPHWKRGWRSUHGLFWWKHORFDWLRQDQGUDWHRI&2VHHSDJHXVLQJWKHLQIRUPDWLRQGHWHFWHG
E\WKHOLPLWHGQXPEHUVRI&2VHQVRUVVHWRQWKHVHDIORRU$QXPHULFDOWLPHEDFNZDUGWHVWZDVVXFFHVVIXOO\FRQGXFWHG
LQ'WHVWFDVHV
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